Introduction {#sec0005}
============

Plantar fasciitis is characterized as a degenerative condition of the proximal plantar aponeurosis. The site most frequently involved is at the medial tuberosity of the calcaneus. The pathological findings from this nosological entity include degenerative tissue changes characterized by fibroblastic proliferation and presence of inflammatory tissue.[@bib0005], [@bib0010], [@bib0015] It is now accepted that this fasciopathy should be classified as a type of enthesopathy, even though its physiopathology is poorly understood.

Several therapeutic options have been described, among which conservative treatment is taken to be the preferred method. Satisfactory results have thus been achieved in around 90% of the patients.

Use of anti-inflammatory medications, analgesics and local infiltration of corticoids and platelet-rich plasma (PRP) is recommended. Furthermore, use of insoles, heel supports, splints and nighttime braces, along with physiotherapy, is also recommended, with the aim of aiding in achieving remission of the inflammatory and painful condition.[@bib0020], [@bib0025], [@bib0030]

More recently, some studies have demonstrated that application of a dehydrated human amniotic membrane (dHAM) is effective. Other studies have demonstrated similar efficacy through application of high molecular weight hyaluronic acid. Changes to lifestyle habits, such as weight reduction and use of appropriate footwear, and also postural changes during work,[@bib0035], [@bib0040], [@bib0045], [@bib0050] are further recommendations.

The other 10% of the patients, whose condition is not resolved through conservative treatment, can be considered to be cases of recalcitrant fasciopathy. In these cases, surgical treatment may be useful, in order to achieve open or endoscopic release of the plantar fascia,[@bib0055] with excision of the diseased tissue. In some specific cases, simultaneous nerve decompression is indicated.

In an attempt to avoid an invasive procedure, there have been many studies on shockwave therapy in chronic cases. This technique has been shown to be effective for improving the symptoms and quality of life of patients with this condition. The basic idea of shockwave therapy is to stimulate the tissue regeneration process in the bones and tendons.[@bib0060], [@bib0065] Its efficacy is noted especially in the tissues surrounding the bone and tendons, and also at the bone-tendon interface (enthesis). Release of free radicals, nitric oxide (NO) and substance P at the application site, along with inhibition of the enzyme COX II, produces an anti-inflammatory effect. In experiments on tissues subjected previously to shockwave therapy, analysis under a microscope has demonstrated intensely increased neovascularization and angiogenesis.

The present study was conducted with the aim of prospectively analyzing the results from shockwave treatment on patients with recalcitrant fasciopathy, using validated evaluation methods.

Materials and methods {#sec0010}
=====================

Firstly, a research projected was designed and submitted for assessment by the Scientific Committee of Hospital IFOR. This was duly approved.

This was a prospective study in which patients with chronic plantar fasciitis that had not responded satisfactorily to conservative therapeutic measures were evaluated. Traditional methods such as analgesic and anti-inflammatory medications, physiotherapy and additional use of braces or insoles had been systematically applied.

The inclusion criteria were that the subjects should be patients of either sex in whom a diagnosis of plantar fasciitis had been made by means of clinical and imaging evaluations, with evolution of more than six months. Individuals with the following were not included: other concomitant conditions of the foot and ankle; comorbidities such as diabetes mellitus, neuropathies or insensitive foot; previous surgery; and non-acceptance of participation in the study after having read the free and informed consent statement.

Thus, we built up a group of 30 patients (36 feet), of whom 16 (53.3%) were male and 14 (47.7%) were female, with mean age of 48.37 years, ranging from 33 to 78 years. With regard to laterality, we observed that 16 patients (53.3%) presented the condition on their left foot and 14 (46.7%) on their right foot, and that bilaterality occurred in six situations (20%). The body mass index (BMI) ranged from 20.89 to 40.60 kg/m^2^, with a mean of 28.48 kg/m^2^. In our sample, the length of time with symptoms ranged from six to 60 months, with a mean of 13.58 months.

We performed radiographic examinations on the feet, with weight-bearing, on the side affected by the condition. We observed that out of the 30 patients evaluated, 16 (53.3%) presented plantar osteophytes in the calcaneus. The mean length of these osteophytes was 0.5 cm, from evaluating the radiographs on the feet.

The patients underwent one weekly session of shockwave therapy for four consecutive weeks. The apparatus used in the study was the Swiss Dolorcast^®^, made by the Swiss company EMS. A generator of radial type was used, and 2000 impulses were produced in each session, at a pressure of 0.18 mJ/mm^2^. The application site for this therapy was the most painful point on the foot, which had been indicated by the patient. For this application, we developed a diagram composed of four quadrants ([Fig. 1](#fig0005){ref-type="fig"}). The odd quadrants (1 and 3) corresponded to the proximal and distal medial plantar region and the even quadrants (2 and 4) to the proximal and distal lateral plantar region of the calcaneus. We observed that 17 patients (56.6%) indicated that quadrant number 3 was the most painful area, nine (30%) number 1, four (13.3%) number 2 and one (3.3%) number 4.Fig. 1Diagram of the plantar region of the heel, divided into quadrants. Quadrant 1, distal medial plantar region; quadrant 2, distal lateral plantar region; quadrant 3, proximal medial plantar region; quadrant 4, proximal lateral plantar region.

For evaluating the results after the patients' treatment, we used the scale of the American Orthopaedic Foot and Ankle Society (AOFAS) (annex 1) for evaluating the ankle and hindfoot, and also the Roles & Maudsley score evaluation method ([Fig. 2](#fig0010){ref-type="fig"}). These questionnaires were applied by a professional who had not administered the shockwave treatment.Fig. 2Roles & Maudsley evaluation.

The evaluations on the plantar fascia were performed by a single imaging diagnostics professional, using ultrasonography on the plantar region of the feet. The thickness of this anatomical structure was measured at four times: before the treatment and 30, 90 and 180 days after the treatment.

An ultrasound device with a high-frequency transducer (7--12 MHz) was used. A transversal measurement in millimeters was made on the plantar fascia, one centimeter from the point of greatest acoustic shadow, which corresponded to the calcaneal tubercle. The shockwave therapy was applied by a single professional.

The results obtained were compiled and analyzed statistically by a professional who was a specialist in this field.

Results {#sec0015}
=======

[Table 1](#tbl0010){ref-type="table"} demonstrates the descriptive results, which take into consideration the side affected by the condition, cases of bilaterality and the quadrants in which the shockwaves were applied.Table 1Absolute and relative frequencies of the variables.VariableCategory*n*%SideR1448.4L1651.6Quadrant1929.02312.931754.8413.2BilateralNo2477.4Yes619.4[^1]

[Table 2](#tbl0015){ref-type="table"} shows the thicknesses of the plantar fascia at the different evaluation times and the result from the statistical analysis. From analysis of variance with repeated measurements, we observed that there were significant changes in the ultrasonographic results (*p* = 0.011) between the different evaluation times. The examination performed in the first month differed from the examination in the third month (*p* = 0.003) and sixth month (*p* = 0.003), with values that were significantly greater than in the other two.Table 2Descriptive values from ultrasonography.Time*n*MeanSDMinimumMaximumBefore170.680.360.302.001 month170.640.190.381.103 months170.600.200.331.106 months170.570.180.280.97[^2]

[Fig. 3](#fig0015){ref-type="fig"} presents the evolution of the ultrasonographic thickness at the different times.Fig. 3Graphical representation of the evolution of the ultrasonography (USG).

[Table 3](#tbl0020){ref-type="table"} shows the results from analysis of variance with repeated measurements, which indicate that there were significant changes in the results from the AOFAS scale over the course of the evaluations (*p* \< 0.001). The time before the treatment presented a significant difference in relation to the other times (one month: *p* \< 0.001; three months: *p* \< 0.001; and six months: *p* \< 0.001). The value before shockwave therapy was significantly lower than the values at the other times. There was a statistically significant difference between the first month evaluation and the other times (three months: *p* \< 0.001; and six months: *p* \< 0.001). In the first month, the results were significantly lower than in the third and sixth months of follow-up. The values obtained in the third month of evaluation were significantly greater than those presented in the sixth month of evaluation (*p* \< 0.001).Table 3Descriptive values from AOFAS scale.Time*n*MeanSDMinimumMaximumBefore3058.8714.2636831 month3068.209.9744843 months3078.2313.5344976 months3082.8317.1436100[^3]

[Fig. 4](#fig0020){ref-type="fig"} shows the results from the AOFAS scale at the different evaluation times.Fig. 4Graphical representation of the evolution of the AOFAS scale.

[Table 4](#tbl0025){ref-type="table"} demonstrates the results from the statistical analysis on the Roles & Maudsley scale, using the Friedman nonparametric test, and it shows that there were significant changes over the course of the evaluations (*p* \< 0.001). The time before shockwave therapy did not present any statistically significant difference in relation to the first month of evolution (*p* \> 0.05). There were differences in the third month (*p* \< 0.05) and sixth month (*p* \< 0.05), with significantly greater values at these two times. The results from the first month did not differ from the other times (three months: *p* \> 0.05; and six months: *p* \> 0.05). In addition, the results from the third month did not differ from those presented in the sixth month (*p* \> 0.05).Table 4Descriptive values from Roles & Maudsley scale.Time*n*MeanSDMinimumMaximumP25MedianP75Before303.280.592.004.003.003.004.001 month302.790.562.004.002.003.003.003 months302.310.761.003.002.002.003.006 months302.141.191.004.001.002.003.50[^4]

[Fig. 5](#fig0025){ref-type="fig"} demonstrates the evolution of the results from the Roles & Maudsley scale at the different evaluation times.Fig. 5Graphical representation of the evolution of the Roles & Maudsley (R&M) scale.

Discussion {#sec0020}
==========

Use of shockwave therapy has been approved by the Food and Drug Administration (FDA), in the United States,[@bib0070] and by the National Sanitary Surveillance Agency (Agência Nacional de Vigilância Sanitária, ANVISA), in Brazil.

The exact mechanism for the effect of shockwave therapy on conditions of the locomotor system still remains undefined.

It is believed that shockwaves promote a biological response in which several phenomena occur: neovascularization, release of proliferating cell nuclear antigen, endothelial growth factors, endothelial nitrous oxide[@bib0075] (blocking of nerve impulses) and morphogenetic bone protein. These phenomena promote increased blood supply and bone and tendon repair. Local microtraumas provide stimulation and activation of the tissue healing process, which leads to activation of fibroblast proliferation and removal of calcareous deposits.[@bib0080]

The efficiency of shockwaves has been demonstrated in a variety of conditions of the locomotor system. Among these, pseudarthrosis can be highlighted, with a success rate of around 75%. Other indications include: bone necrosis, tendinosis (calcaneal), insertion enthesopathy, epicondylitis, bursitis and calcareous tendinitis of the shoulder.[@bib0085]

So far, in preliminary studies, the success rate regarding pain elimination shown by shockwave therapy has ranged from 48% to 81%.[@bib0060]

With regard to the benefit provided by shockwave therapy according to the time elapsed since application, we observed that progression of the success rates has been reported, as follows: 57% after three months,[@bib0070] 48%[@bib0090] to 83%[@bib0060] after six months, 58% after 12 months[@bib0095] and 77.4% after 24 months.[@bib0065]

These results corroborate the data observed in our study, although we only made evaluations until the sixth month after application.

In the literature, a variety of benefits from using this therapeutic option have been indicated. Since this method is a nonoperative intervention, the potential complications inherent to surgery cease to exist. The recovery time is significantly shorter and the individual has the possibility of returning to his habitual activities on the day after application.[@bib0100] We also take the view that this resource could be used as a last possibility before indicating an invasive procedure. Success rates comparable with those of surgery and other conventional therapies have been demonstrated for shockwave therapy.[@bib0040], [@bib0105]

The following are contraindications against applying shockwave therapy: blood dyscrasia, use of anticoagulants, presence of tumors, presence of infectious process and children and adolescents when the growth plate is still open.

Regarding the functional aspect of walking, it was found in one study that 51% of the patients who underwent the treatment were capable of walking without pain six months later, in comparison with individuals who were not treated or who received placebo. After five years, 58% of the patients needed to undergo surgical release of their plantar fascia, while only 13% of the group treated with shockwave therapy required this action.[@bib0110]

In another study in which the authors used the AOFAS scale to compare the results between two groups, no statistically significant differences were found and the patients with chronic plantar fasciitis did not demonstrate any significant deficits of range of motion before or after the treatment.[@bib0115]

In our study, when we used the AOFAS scale, we observed that there was a progressive improvement in the results between the different evaluation times (76.7%), as shown in [Fig. 5](#fig0025){ref-type="fig"}.

Some studies have indicated that the ideal location for applying shockwaves would be the extremity of the calcaneus or the center of the spur of this bone structure, since this portion would correspond to the thickest part of the plantar fascia. However, others have considered that the ideal location for the application would be the point of origin of the pain.[@bib0120]

In evaluating the exact location where the application is needed, we noted that some authors had compared the therapeutic results between determination of the application site by means of fluoroscopy and through the patient\'s own report. The result was that there was no significant difference in clinical evolution when different methods were used to identify the best location, and the success rates were considered to be excellent or good, according to the criteria of Roles & Maudsley, three months after the application.[@bib0120]

Our results were similar when we used these criteria, with which we observed progressive improvement.

From the analysis on our material, we developed a diagram consisting of four quadrants, in which the region most often indicated as being painful was the posteromedial region, which corresponded to 54.8% of the areas of application. We consider that this methodology is reproducible and that it gave rise to favorable rates of good results.

Through this, it can be suggested that use of shockwave therapy should be considered to be a therapeutic option. Together with shockwave therapy, exercises should be done at home in order to stretch the posterior chain. Studies have demonstrated that the results obtained through concomitant use of shockwave therapy and stretching of the posterior chain are superior to those done separately.

In another study, magnetic resonance imaging was used to structurally evaluate the plantar fascia thickness among asymptomatic patients who had previously undergone open or endoscopic release of the plantar fascia. The thickness of this structure was two to three times greater than normal, despite complete resolution of the perifascial edema and plantar fasciitis.[@bib0125]

In our study, we used ultrasonographic measurements that were systematized to be performed 30, 90 and 180 days after applying shockwave therapy. We observed a decrease in plantar fascia thickness in our patients, compared with the thickness before the start of the treatment. This was interpreted as a reduction in the inflammatory process and as stretching of the plantar fascia, caused by the malleability and elasticity intrinsic to this structure.

Through this resource, we were unable to assess whether the heel spur had any influence on the distribution and absorption of shockwaves.

However, we emphasize that the high costs of magnetic resonance imaging may be diminished through using ultrasound.

From our study, we take the view that shockwave therapy can be considered to be an important instrument for primary or adjuvant treatment of chronic plantar fasciitis, when allied with conventional therapies. We consider that this methodology is safe and noninvasive, does not present significant complications and promotes rehabilitation and an early return to habitual activities.

In a society in which the pace of work is increasing alarmingly, few individuals are able to remain absent from work activities for prolonged periods. In this regard, shockwave therapy was shown to be an effective resource, through avoiding the need for a surgical procedure that would leave them off work for a long period. Another important factor to be considered is that surgical treatment implies high costs.

Conclusion {#sec0025}
==========

This study showed that there was a statistically significant decrease in the thickness of the plantar fascia in the patients who underwent shockwave therapy (*p* = 0.011).

According to the AOFAS scale for the hindfoot and the Roles & Maudsley scale, the patients in this study achieved statistically significant improvements in their scores (*p* \< 0.001).
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AOFAS scale for clinical evaluation of the ankle and hindfootParameter 1. Pain (40 points)  None40  Mild, occasional30  Moderate, every day20  Severe, almost always present0  2. Function (50 points) 2.1. Limitation on activities and need for support  No limitations; no supports10  No limitations on activities, recreational limitations; no supports7  Limitation on daily and recreational activities; use of stick4  Significant limitation on daily activities; use of crutches, walking frame or wheelchair0 2.2. Maximum walking distance (in blocks)  More than 65  From 4 to 64  From 1 to 32  Less than 10 2.3. Walking surface  No difficulty on any surface5  Some difficulty on uneven ground, stairs or slopes3  Severe difficulty on uneven ground, stairs or slopes0 2.4. Gait abnormalities  None or mild8  Obvious4  Severe0 2.5. Sagittal mobility (flexion + extension)  Normal or minimal limitation (30° or more)8  Moderate limitation (15 to 29°)4  Severe limitation (less than 15°)0 2.6. Mobility of hindfoot (inversion and eversion)  Normal or mild limitation (75 to 100%)6  Moderate limitation (25 to 74%)3  Severe limitation (less than 25%)0 2.7. Stability of ankle and hindfoot (anteroposterior + varus-valgus)  Stable8  Unstable0  3. Alignment (10 points)   Good -- plantigrade foot with ankle and hindfoot aligned10   Fair -- plantigrade foot with some misalignment and without pain5  Poor -- non-plantigrade foot with significant misalignment and symptoms0

Work performed at Hospital IFOR, São Bernardo do Campo, SP, Brazil.

[^1]: R, right; L, left.

[^2]: SD, standard deviation.

[^3]: SD, standard deviation.

[^4]: SD, standard deviation.
